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A B S T R A C T
Introduction: There is little published data on the duration of depressed consciousness following epileptic
seizures. A prolonged recovery time may be a symptom of underlying brain pathology. This prospective
paediatric cohort study investigates whether recovery is prolonged following symptomatic seizures.
Methods: Children aged 1–16 years, who had a witnessed seizure in which consciousness was impaired,
were recruited. One hundred and twenty eight children (158 seizures) were studied. Seizure aetiology
was classiﬁed as febrile, idiopathic, remote symptomatic, acute symptomatic and acute on remote
symptomatic. At least hourly Paediatric Coma Scale recordings were used to assess recovery time.
Results: Recovery time was longest for children with acute on remote symptomatic seizures (4.0 h, range
0.89–10.5), followed by those with acute symptomatic seizures (1.94 h, range 0–35.27), remote
symptomatic seizures (1.5 h, range 0.07–85.5) and idiopathic seizures (0.83 h, range 0.07–13.13).
Children with febrile seizures recovered the quickest (0.3 h, range 0.05–9). Recovery time was
signiﬁcantly longer (p < 0.001, CI 1.96–5.38) following seizures for which rescue antiepileptic drugswere
administered compared to those for which it was not. Age, sex, type and duration of seizure did not
independently affect recovery time.
Discussion: Symptomatic seizures take longer to recover than seizures of other aetiologies. It is
recommended that a febrile childwho presents with a seizure, who has not fully recoveredwithin 30 min,
should be investigated for an acute symptomatic aetiology. A high index of suspicion is also needed if
children with apparent idiopathic seizures have not fully recovered within 1.5 h.
 2008 Published by Elsevier Ltd on behalf of British Epilepsy Association.
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A post-ictal depression of conscious level is a feature of several
types of epileptic seizure. Prolonged depression of conscious level
may indicate an ongoing encephalopathy of which the seizure was
a symptom, e.g. following trauma or central nervous system (CNS)
infection. For this reason it is important to have evidence-based
data on the expected duration of depressed conscious level
following epileptic seizures. Until recently such data were lacking.
Recent work from our group found the median recovery time for
children after epileptic seizures of all aetiologies was 38 min.1
Median recovery time was signiﬁcantly shorter for febrile seizures
(18 min). However, probably because of small numbers, we failed
to show a signiﬁcant difference in recovery time following* Corresponding author at: Flat 3B, Allerton Hill, Chapel Allerton, Leeds LS7 3QB,
UK. Tel.: +44 7989 659 710; fax: +44 1133 925 731.
E-mail address: nmkenny-ﬁck@doctors.org.uk (N.M. McKenny-Fick).
1059-1311/$ – see front matter  2008 Published by Elsevier Ltd on behalf of British
doi:10.1016/j.seizure.2008.08.011symptomatic (acute and remote) seizures compared to seizures
of other aetiologies.
This study aimed to further explore the factors affecting
recovery time following epileptic seizures in children, particularly
in relation to the aetiology of the seizures.
2. Methods
Ethical committee approval was obtained for the study, which
was carried out at the Leeds General Inﬁrmary, UK. This hospital
provides secondary level paediatric care for part of the city of Leeds
and tertiary care, including neurosciences, for the Yorkshire region.
At the Leeds General Inﬁrmary themodiﬁed Paediatric Coma Scale2
is used to assess consciousness in children recovering from
epileptic seizures. The standard procedure is for the coma score to
be recorded for at least hourly intervals after seizures, until full
recovery. Ambulance crews are required to assess consciousness
using coma scores in children transported to hospital after
seizures.Epilepsy Association.
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and emergency department after a suspected epileptic seizure
during which consciousness had been impaired, or those who had
had an epileptic seizure with impairment of consciousness whilst
an inpatient at one of the paediatric wards were recruited. A prior
diagnosis of epilepsy was not required. Data were collected
between September 2004 and April 2005.
Databases and ward staff were interrogated on a near daily
basis during the study period in order to identify potential
participants. Medical, nursing and paramedic records were then
reviewed by the principal investigator. Patients were excluded at
this stage if: TTa
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Bohey did not meet the entry criteria (e.g. events were non-
epileptic or occurred in associationwith a pyrexia (>37.5 8C) in a
neurodevelopmentally normal child in the absence of a
conﬁrmed or suspected CNS infection). Their seizure had begun an hour before the ﬁrst coma score was
recorded and the child had fully regained consciousness before
the ﬁrst coma score was taken. They had been intubated and ventilated.
The administration of rescue antiepileptic drugmedication was
not an exclusion criterion.
Children were included more than once if they had seizures on
more than one occasion with full recovery in between, during the
same or separate admissions. A study proformawas used to collect
demographic details of each participant along with information on
the medical history and full details of the seizure. This included
seizure type and duration and the type and timing of any rescue
drugs given. Coma scores were extracted from the records. The
recovery time for each seizure was calculated as the time between
the end of the seizure until a coma score of 15 was obtained.
Seizures were classiﬁed according to the 1981 ILAE classiﬁcation3
and seizure aetiology was classiﬁed, as remote symptomatic, acute
symptomatic and idiopathic. Remote symptomatic seizures were
epileptic seizures considered to arise as a consequence of a
previous known or suspected disorder of the CNS, which was
remote in time from the seizure itself. Acute symptomatic seizures
were epileptic seizures resulting from an acute CNS disorder.
Additionally, in this study, a further aetiological group was
identiﬁed, acute on remote symptomatic seizures. This is a
subgroup of acute symptomatic seizures and refers to seizures
arising as a consequence of an acute insult to the CNS in children
with a previously known or suspected disorder of the CNS.
The primary aim of this study was to recruit children with
symptomatic (acute or remote) and idiopathic seizures. Weble 1
tiology of acute and acute on remote symptomatic seizures
ute symptomatic No. of pa
ead injury 7
tracranial haemorrhage 1
ypoglycaemia 1
ypocalcaemia 1
bdural empyema 2
st-craniotomy 1
st-craniotomy with meningitis 1
isoning (mefanamic acid) 1
ute on remote
tism with head injury
urge–Weber syndrome with head injury
uadriplegic cerebral palsy, post-meningitic hydrocephalus (shunted)
with raised intracranial pressure (shunt malfunction)
th data sets are included in this table. In total there were 25 acute symptomatic seiemployed identical methodology to that used in our previous
study.1 Statistical advice indicated that it was valid to combine
these data with our new data and use it for comparison.
Median recovery timeswere calculated for the group as awhole
and for subgroups deﬁned by age, sex, seizure type, aetiology of
seizures and according to whether rescue drugs for epilepsy had
been given. Linear regression was used to analyse the data in
STATA (Stata Corporation, College Station, TX).4 A log transforma-
tion of the recovery time outcome was required to overcome
skewness and three far outlying episodes (all from the same child)
were omitted from the analysis. Model ﬁts were then deemed
acceptable since graphical plots of standardised residuals versus
the ﬁtted values showed a random scatter. TheMann–Whitney test
was used to compare the distributions of seizure duration between
those who were given emergency drugs and those who were not.
Fisher’s exact test was used to test for any association between
seizure aetiology and use of emergency drugs. A signiﬁcance level
of 5% was used for all tests.
3. Results
Thirty eight children (50 seizure episodes) were identiﬁed who
fulﬁlled the entry criteria. An additional twelve seizure episodes
were excluded because of inadequate coma scoring or missing
observation charts. The aetiology of the seizures were: remote
symptomatic 24 (48%), idiopathic 8 (16%) and acute symptomatic
18 (36%). A subgroup of ﬁve patients in the acute symptomatic
group were classiﬁed as acute on remote.
These data were combined with our 2002/2003 data1 for
analysis. This comprised 90 children and 108 seizure episodes.
Forty-nine seizure episodes were excluded because of inadequate
data. The aetiology of the seizures from this dataset was: febrile 59
(55%), remote symptomatic 25 (23%), idiopathic 17 (16%) and acute
symptomatic 7 (6%). Therefore, data from 128 children, including
19 for whom data on more than one seizure was available were
included, giving a total of 158 seizure episodes. Comparison of the
datasets revealed no signiﬁcant differences between seizure
duration, type, aetiology, age and sex and their effect on recovery
time (incidence risk ratio 0.96, 95% conﬁdence interval [CI] 0.77–
1.21).
Aetiologies from the combined groups were: febrile 59 (37%),
remote symptomatic 49 (31%), idiopathic 25 (16%) and acute
symptomatic 25 (16%). Table 1 gives details on the causes of the
acute symptomatic seizures. Themedian age of those includedwas
6 years (males 5 years; range 1–16 and females 7 years; range 1–
16). Median duration of all seizureswas 4 min (range 0.03–60 min)
and median recovery 0.83 h (50 min) (range 0–85.5 h). Mosttients (n = 15) No. of seizures (n = 20)
7
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1
1
1
No. of patients (n = 5) No. of seizures caused (n = 5)
2 2
1 1
2 2
zures, 5 of these were subclassiﬁed as acute on remote symptomatic seizures.
Table 2
The variables investigated with their seizure duration and recovery times
Seizure duration (min) Recovery time (h)
Variable Subgroup n Median Range Median Range
Sex Male 71 4.0 0.30–60.00 0.92 0.05–85.50
Female 87 4.0 0.30–60.00 0.78 0.00–17.00
Seizure aetiology Febrile 59 2.5 0.03–40.00 0.30* 0.05–9.00
Remote symptomatic 49 5.0 0.25–60.00 1.50 0.07–85.5
Acute symptomatic 25 2.0 0.03–50.00 1.94 0.00–35.27
Acute on remote 5 1.0 0.20–4.75 4.00 0.89–10.50
Idiopathic 25 3.8 0.33–50.00 0.83 0.07–13.13
Seizure type GTCS 114 4.0 0.25–60.00 0.70 0.00–85.50
Complex partial 30 4.8 0.03–50.00 0.98 0.00–35.27
Clonic 9 1.8 0.03-50.00 2.31 0.07–17.00
Tonic 5 1.5 0.25–5.00 2.80 0.22–8.92
Use of emergency AED Yes 45 8.0 0.25–60.00 4.50** 0.00–85.5
No 113 3.0 0.03–60.00 0.55 0.00–35.27
n, number of seizures; GTCS, generalised tonic clonic seizure; AED, antiepileptic drugs.
* Using acute symptomatic seizures as the baseline, febrile seizures took signiﬁcantly less time to recover p < 0.001, 95% CI 0.1–0.45.
** Use of AED signiﬁcantly prolonged recovery p < 0.001, 95% CI 1.96–5.38.
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which included secondary generalised seizures (n = 4) and
convulsive status epilepticus (n = 5). Other seizure types were
complex partial (n = 30), clonic (n = 9) and tonic (n = 5).
Table 2 shows details of seizure duration and recovery times
according to the various factors investigated. Following linear
regression analysis two covariates were found to independently
affect recovery time. These were aetiology of seizures and
administration of rescue medication.
Recovery time was longest for children with acute on remote
symptomatic seizures (median 4.0 h, range 0.89–10.5), followed by
acute symptomatic (median 1.94 h, range 0–35.27), remote
symptomatic (median 1.5 h, range 0.07–85.5) and idiopathic
(median 0.83 h, range 0.07–13.13). Children with febrile seizures
recovered the quickest (median 0.3 h, range 0.05–9) (Fig. 1). Acute
symptomatic, remote symptomatic and idiopathic seizures took
signiﬁcantly longer to recover from than febrile seizures. After
adjusting for age, gender, duration and emergency medication,
acute symptomatic seizures took 4.64 times longer to recover from
than febrile seizures (p < 0.001, CI 2.21–9.72), remote sympto-
matic 3.4 times longer (p = 0.001, CI 1.72–6.74), and idiopathic 2.6
times longer (p = 0.01, CI 1.26–5.37). Recovery time for remote
symptomatic seizures and idiopathic seizures were, respectively,
0.74 and 0.56 times shorter than for acute symptomatic seizures
but these differences failed to achieve statistical signiﬁcanceFig. 1. Recovery time versus seizure aetiology for recovery times less than 24 h.(Table 2). Separate statistical analysis of the acute on remote group
was not performed due to the small numbers.
Recovery time was signiﬁcantly longer following seizures for
which rescue antiepileptic drugs (AED) were administered (median
4.5 h, range 0–85.5) compared to those forwhich itwas not (median
0.55 h; range0–35.27) (p < 0.001,CI1.96–5.38, Table2). Therewasa
statistically signiﬁcant associationbetween the aetiologyof seizures
and use of rescue antiepileptic drugmedication. Rescuemedication
was given for 51% of remote symptomatic, 42% of acute sympto-
matic, 17% of idiopathic, 8% of febrile seizures and 0% of acute on
remote symptomatic seizures (p < 0.001).
4. Discussion
This study set out to test the hypothesis that following acute
symptomatic seizures the time taken to recover consciousness is
longer than following seizures of other aetiologies. It found that
there was a signiﬁcant relationship between recovery time and
aetiology; acute symptomatic, remote symptomatic and idiopathic
seizures all taking signiﬁcantly longer to recover from than febrile
seizures. Notwithstanding that the difference in recovery time in
the acute symptomatic group compared with non-febrile seizures
failed to reach statistical signiﬁcance, acute symptomatic seizures
had the longest recovery time. Moreover, the median recovery
time in the subgroup acute on remote symptomatic seizures was
even longer (4.0 h). These results support the hypothesis that,
compared with other seizures, recovery time is longer for acute
symptomatic seizures. Why this is so deserves further investiga-
tion. In some cases it may be simply that the cause of the seizure in
itself depresses consciousness. However, in others it may relate to
the recovery capacity of already compromised brain tissue.
We previously recommended that following a suspected febrile
seizure, children who have not fully recovered within half an hour
should be referred urgently to hospital and if not fully recovered
within an hour should be investigated and/or treated for an acute
symptomatic seizure. This study conﬁrms that these recommen-
dations are appropriate. Moreover, they are supported by an
independent study5 of 203 children with febrile seizures which
concluded that unconsciousness lasting more than 30 min after
febrile seizures was very unusual.
A surprising feature of this study is that there were no cases of
meningitis (other than post-craniotomy) in the group of children
with acute symptomatic seizures. Given the methods used to
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missed. It may be that children who have acute symptomatic
seizures as a consequence ofmeningitis recover from their seizures
in such a way that they were excluded from this study. This would
happen, for example, if they were all intubated before fully
recovering consciousness, either because their cardiorespiratory
status required it or because of a need for neuroimaging. This
warrants further study.
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